Background: According to the statistics of WHO/IARC, cervical cancer (CC) has become the fourth malignant cancer of female worldwide and it is one of the main causes of death of women in developing countries. Purpose: Potential plasma and metabolic biomarkers for CC precancerous lesions and cervicitis were indicated by LC-MS techniques, and their underlying mechanisms and functions were analyzed. Methods: Plasma samples were selected from healthy people (control), low-grade squamous intraepithelial lesions (LSIL), high-grade squamous intraepithelial lesions (HSIL), CC, and post-treatment patients. All polypeptide types and sequences were detected by LC-MS/MS and the results were normalized by using Pareto-scaling. Potential metabolic biomarkers were screened by applying MetaboAnalyst 4.0 software and XCMS software, and analysis of variance and enrichment analysis were performed. Metabolic pathway analysis and functional enrichment analysis were used to further investigate the significance and pathological mechanisms of potential biomarkers. Results: Compared with healthy people, 9 differentially expressed metabolites were screened, 4 of which were up-regulated and 5 were down-regulated. LSIL group screened 7 differentially expressed metabolites, 5 of which were up-regulated and 2 were down-regulated; CC group screened 12 differentially expressed metabolites were screened, of which 9 were up-regulated and 3 were down-regulated. Eight differentially expressed metabolites were screened in the IF group, of which 5 showed up-regulation and 3 showed down-regulation. In functional enrichment analysis, differential metabolism was found to be associated with addition and coagulation cascades. Among all potential biomarkers, 2-amino-3-methyl-1-butanol, L-carnitine, Asn Asn Gln Arg, Ala Cys Ser Trp, Soladulcidine, Ala Ile Gln Arg, 2-amino-3 -Methyl-1-butanol, L-carnitine, Asn Asn Gln Arg, Ala Cys Ser Trp, Soladulcidine, Ala Ile Gln Arg can be used as predictors of precancerous lesions at different stages of CC. Among all biomarkers, 6α-fluoro -11β1,17-dihydroxypren-4-ene-3,20-dione has higher expression in the CC and HSIL groups and lower expression in the treatment group. Conclusion: By applying molecular markers to assess the progression of the disease, the accuracy and specificity of the diagnosis can be improved, which has certain prospects in clinical applications.
Introduction
According to the statistics of WHO/IARC, cervical cancer (CC) has become the fourth malignant cancer of female worldwide, and it is one of the main causes of death of women in developing countries. 1 In 2015, the new cases of cervical cancer have reached 98,900 with 30,500 death cases. In the recent 20 years, the morbidity of CC has been on the rise and the death rate is relatively stable. 2 Due to the environmental pollution and bad health habits, the patients of CC are becoming younger with the increasing rate of precancerous lesions. 3 The squamous intraepithelial lesion (SIL) is one of the common types of precancerous lesions of cervical cancer, which has increased the risk of getting cervical cancer. The chronic cervicitis also has potential risks to become SIL. Therefore, early diagnosis of cervical cancer is essential to improve the survival rate.
Colposcope examination and cervix biopsy are the main clinical diagnosis methods currently. These methods have high dependency on the subjectivity of the medical staff, which will easily cause instability of the accuracy and specificity of the diagnosis. 4, 5 Therefore, research on finding accurate and objective diagnosis indexes to judge the progression of cervical cancer is of great importance. 6 In recent years, the early screening and diagnosis of different new types of CC are popular; however, the clinical application is not effective enough. For instance, the specificity of P16/Ki67 chromosome detection of CIN2 and CIN3 is only 58.9% and 56.9%, respectively; 7 the detection rates of photoelectric detection system are 74.4% and 78.8%, respectively,. 8 Although the accuracy rate of MRI staging diagnosis is 86%, which has obvious advantages in detecting parametrial invasion of cervical carcinoma, the value of diagnosis on IA cervical cancer is limited. 9 Therefore, the diagnosis accuracy and specificity of precancerous lesions remain low, which are the primary causes of high false positive rate, missing detection and misdiagnosis.
Compared with the common diagnosing method of colposcope examination and cervix biopsy, noninvasive diagnosis realized by molecular marker is of great importance clinically. From a clinical point of view, the term tumor marker applies to all substances produced and released by tumor cells or host cells, the presence of which may be in serum or other biological fluids. Ideal tumor markers should have high sensitivity (SE) and high specificity (SP) to distinguish cancer patients from healthy subjects or benign disease patients and should be secreted into the circulation and activities at a concentration proportional to tumor burden. CA 125 is the most reliable serum marker for ovarian cancer. Although its role in screening for malignant tumors is controversial, serum CA 125 detection is very useful for the differential diagnosis of ovarian masses, especially after menopause, as well as monitoring of chemotherapy response and histologically confirmed follow-up cancer in patients with ovarian cancer. 10, 11 Metabonomics has been widely applied on the biomarker screening of cancerous metabolism to infer the existence and progression of cancer. 12 The metabolites are the final products of all kinds of bioprocesses and they are likely to become the accurate biomarkers which can reflect the upstream biological events (such as gene mutation and environmental changes). 13 The changes in metabolites and their pathways can provide a better understanding of the happening and progression of cancer. 14 Kai conducted UPLC/MS detection of the plasma metabolite of the cervical cancer patients from northern China. By comparing the plasma metabolic profiling of 70 cases of cervical cancer patients and 80 healthy people, Kai found 62 differential metabolites, among which bilirubin, LysoPC (17:0), n-oleoyl threonine, 12-hydroxydodecanoic acid and tetracosahexaenoic acid can serve as the marker of cervical cancer. 15 Ye applied 1HNMR spectral to analyze the plasma of 22 cases of chronic inflammation, 9 cases of cervical intraepithelial neoplasia (CIN) and 18 cases of cervical cancer patients from Beijing, China. Through multivariate modeling of PLS-DA analysis, it is easy to differentiate cancer group and non-cancer group (chronic cervicitis and CIN). There are significant differences of formate, tyrosine, β-glucose, inositol, glycine, carnitine, glutamine, acetate, alanine, valine, isoleucine and very-low-density lipoprotein (VLDL) among groups. 16 Hasim analyzed the plasma metabolic profiling of CIN and CC from Xinjiang Region, finding that compared to healthy people, the CIN patients had higher level of VLDL, acetone, unsaturated lipid and carnitine, and the CC patients had higher level of acetate and formate. Compared to CIN patients, the CC patients had higher level of acetate, formate, lactate, isoleucine, leucine, valine, alanine, glutamine, histidine, tyrosine, acetylcysteine, myo-inositol, glycoprotein, α-glucose and β-glucose. 17 Qun applied LC-QTOF/MS to analyze the urine metabolic profiling of CC patients from northern China, finding that compared to healthy people, there was significant difference in 3-methylhistidine, citric acid, cytosine, indoleacetic acid, salicyluric acid, L-methionine, aminomalonic acid, glutaric acid, ursodeoxycholic acid and N-acetylornithine of the CC patients. The metabolic pathways included citrate cycle, lysine degradation, tryptophan metabolism, cysteine and methionine metabolism, and the changes of these pathways could provide evidence for the happening of early CC, which could be recognized as the potential markers to predict the early happening of CC.
the potential diagnostic marker in different stages of lesions of plasma metabolism is then found out, which is of clinical significance for the screening, diagnosis, detecting accuracy and specificity of precancerous cervical lesions and even the treatment efficacy of cervical cancer.
Materials and methods

Research object and sampling
The serum samples were collected from the patients in 
Preconditioning of plasma
Take 100 μL of plasma sample and add 600 μL of methanol (containing 1 mM butylhydroxytoluene) was for 5 min ultrasonic processing. Then, add 1.8 mL of Methyl Tertbutyl Ether and oscillate at room temperature for 1 hr. Add 500 μL of water and incubate for 10 mins at room temperature and oscillate without interruption. After 2-min still standing, subject to 12,000 rpm centrifugation for 10 mins. Pipette 600 µL of the upper layer lipid and 300 µL of the lower layer (2:1) aqueous layer and transfer to a new EP tube, vacuum dry, dissolve with 200 µL of acetonitrile and water (1:1), centrifuge to take the supernatant, using mixed layer and aqueous layer metabolite conditions. Set this sample group as C.
Metabolic profiling detection by LC-MS
The experiment used ACE (Aberdeen, Scotland) Excel2C-18PFP (100×2.1 mm, 2 μm) chromatographic column and C18 guard column. Mobile phase A contained aqua with 0.1% formic acid and mobile phase B contained acetonitrile with 0.1% formic acid. The chromatographic gradient started from 2% B for 1 min and entered 98% B in 10 mins. This had kept for 2 min and then it dropped to 2% within 30 s before reaching equilibrium for 3 min. The injection volume was 2 μL and the column was maintained at 35°C. All samples were injected twice. The mass spectrometer was operated in heated electrospray ionization (HESI) mode with a spray voltage of 3.5 kV, a capillary temperature of 300°C, a sheath gas flow of 50, an assist gas of 10.S lens RF level set at 40 and an S lens voltage set at 25 V. The collecting resolution ratio of full scan was 70,000 and the MS/MS collecting list was 17,500.
The identification and screening of the metabolites
The Pareto-scaling method was used for normalization. Pareto-scaling divides the peak area of each individual component in the data matrix by the square root of the standard deviation of the peak area of the component in the variable set and compensates for the large range of responses between the variables. 19, 20 The differences analysis and enrichment analysis were performed simultaneously by using MetaboAnalyst 4.0 software and XCMS software. This study applied the Fold Change Analysis (FC Analysis), univariate statistical analysis of metabolites by t-test (The t-test was used for comparison between the two groups) and the drawing of Volcano Plot. The screening criteria for differential metabolic indicators include p <0.05, fold change >2 or <0.5. The differential data were analyzed by Metlin_AMRT_PCDL and Metlin_Lipids_AM_PCDL database to identify the corresponding metabolites. Then by using the metabolites with significant differences to conduct hierarchical clustering of the samples of different groups. The potential biomarkers that could predict cervical cancer and precancerous lesions were screened out by using the clustering of the samples from different groups and expression patterns of different metabolites that were analyzed by hierarchical clustering.
Data analysis
The differential metabolites were submitted to KEGG online database and the XCMS-Online Website to be analyzed simultaneously. The differential metabolites were screened out by using chemometrics and searched in the HMDB and KEGG online database to perform the qualitative analysis and metabolic pathway analysis.
Statistical analysis
The data were analyzed by SPSS20.0 software. The results of the normal distribution of the measurement data were expressed as mean±standard deviation. The t-test was used for comparison between the two groups. One-way analysis of variance was used for comparison between the two groups. p<0.05 was considered to be statistically significant.
Results
The diagnostic information of the laboratory serology
The laboratory serological information had included the age, ALT, AST, TP, ALB, Urea, Crea, AFP, CEA, CA125, CA153 and CA199 of the subjects. From the current diagnostic data of cervical cancer, it is hard to differentiate various stages of the disease in terms of precancerous cervical lesions by using AFP, CEA, CA125, CA153 and CA199. Therefore, it is of great significance to find out new serum diagnostic biomarkers (Table 1) .
Statistical analysis of incorporated group sample and differential metabolite distribution
As presented in Figure 1 , we examined the serum metabolic function of patients with cervical inflammation, cervical cancer and precancerous lesions by LC/MS. Prior to the formal analysis of the SMICA-P13.0 software, the data sets were normalized to obtain more intuitive and reliable results. In order to determine whether there were differences among the five groups (healthy people, cervicitis patients, HSIL patients, LSIL patients and CC patients), we used PCA and OPLS-DA modeling to analyze the samples. The OPLS-DA principal component analysis of the three groups showed that the three components were well grouped, with a high association within the group and the large differences among the groups, especially for the three groups of cervical cancer patients, healthy people and precancerous lesions.
As shown in Figure 2 , in order to further screen out different substances between different groups, a univariate statistical analysis of metabolites was performed using Fold Change Analysis (FC Analysis) and t-test, and a volcano map was drawn (Volcano Plot), with pvalue <0.05, fold change >2 times or <0.5 as screening criteria for differential metabolic indicators. By screening, we differentiate metabolites, in which 29 of them were significantly up-regulated and 20 significantly downregulated; the IF group had 7 differentiate metabolites, in which 5 of them were significantly up-regulated and 2 significantly down-regulated.
Differentiate plasma metabolites in different groups
Through database comparison, we found that compared with the CON group, we screened out 9 metabolites with differential expression in the LSIL group, 4 of which were up-regulated and 5 were down-regulated (Table 2 ); 7 metabolites with differential expression were screened out in the HSIL group screened, in which 5 of them were up-regulated and 2 were down-regulated (Table 3) ; 12 matabolites with differential expression were screened out in the CC group, in which 9 were up-regulated and 3 were down-regulated (Table 4) ; 8 metabolites with differential expression were screened in IF group, in which 5 were up-regulated and 3 were down-regulated (Table 5 ). Through the comparison of different substances between groups, we found that Dodecanoylcarnitine, (3R)-3-isopropenyl-6-oxoheptanoic acid and Tomatidine could be used as potential biomarkers for distinguishing LSIL patients; L-Carnitine, 2-Amino-3-methyl-1-Butanol and Choline could be used as potential biomarkers for distinguishing patients with HSIL; Penaresidin A/B, Asn Asn Gln Arg, 3-OL-rhamnosyl-3-hydroxydecanoyl-3-hydroxydecanoic acid, Phe Ile Met Val, Ala Ile Gln Arg, Prosopinine, 2-amino-14,16-dimethyloctadecan-3-ol and 3ʹ-O-Aminopropyl-25-hydroxyvitamin could be used as potential biomarkers for distinguishing patients with CC. PC, PS and 4S-hydroxylauric acid could be used as a potential biomarker for distinguishing cervical IF patients.
-[(2S)-2-[[(2S)-2-(2,4-dioxo-1H-quinazolin-3-yl)-3-phenylpropanoyl] amino]-3-methylpentanoyl
Cluster analysis and identification of serum metabolic biomarkers
The cluster analysis of the differential metabolites of patients in groups of healthy people, cervicitis, LSIL, HSIL, CC and Treatment (Figure 3) . We found that in the CON, LSIL and HSIL groups, 2-Amino-3-methyl-1-butanol, L-Carnitine, Asn Asn Gln Arg, and Ala Cys Ser Trp were continuously up-regulated, and soladulcidine and Ala Ile Gln Arg were continuously down-regulated.
2-Amino-3-methyl-1-butanol, L-Carnitine, Asn Asn Gln Arg, Ala Cys Ser Trp, soladulcidine, Ala Ile Gln Arg can be used as potential biomarkers for predicting different stages of cervical precancerous lesions ( Figure 4A-F) . Prosopinine was continuously up-regulated in the CON, IF, LSIL, HSIL, and CC groups, and was initially downregulated in the TREAT group. Prosopinine was expected to serve as a potential marker for different stages of cervical cancer and precancerous lesions ( Figure 4G) . Interestingly, the expression of 17-dihydroxypregn-4-ene-3,20-dione in cervical cancer and precancerous lesions was higher than that in CON group 6alpha-Fluoro-11beta, and it was significantly reduced in the TREAT group, indicating that it could serve as a potential biomarker for assessing the prognosis of cervical cancer ( Figure 4H ).
The function analysis of differentiate metabolites
Pathological enrichment analysis was performed on Metabolites with p values <0.05, fold change greater than 2-fold or less than 0.05-fold by applying MetaboAnalyst 4.0. The results are shown in Figure 5 .
The results showed that the differentially expressed metabolites mainly participated in the biological metabolic processes of phosphatidylethanolamine biosynthesis, phosphatidylcholine biosynthesis, pantothenate and CoA biosynthesis, mitochondrial beta-oxidation of short-chain saturated fatty acids, mitochondrial beta-oxidation of longchain saturated fatty acids and sphingolipid metabolism.
Discussion
The development of cancer is often accompanied by complex host systemic responses, usually reflected in plasma proteins and metabolites, so plasma proteins and metabolites are highly likely to contain cancer marker information. However, there are few new types of cancer metabolic biomarkers that can be applied to clinical practice, so it is an urgent task to conduct fundamental research. At present, studies on serum and urine metabolic markers of cervical cancer have been reported, [15] [16] [17] but few studies on serum metabolic markers of cervical precancerous lesions have been reported. 21 Due to the diversity and specificity of the serum, experiments and setting parameters of metabolomics data make differences in the screening of metabolic markers. 21 To the best of our knowledge, there have been no reports of serum metabolomics studies on cervical cancer and precancerous lesions in southern China. 14, 22 Therefore, this study aims to identify the serum metabolic profiling of patients with cervical canal inflammation, LSIL, HSIL and CC in the population of southern China in Guangdong by LC-MS technology. The potential serum metabolic biomarkers for cervical precancerous diagnosis and CC monitoring were screened out by comparing serum metabolites in healthy people. Several substances may play a role as biological markers in CC, such as the carcinoembryonic antigen, some proteins, amino acids, enzymes and their metabolites as well as serum. 23 By comparing serum metabolic data between cervical cancer treatment group and healthy people, serum metabolic markers that could be applied to the evaluation of cervical cancer treatment efficacy were identified. The study found that Dodecanoyl carnitine and (3R)-3-isopropenyl-6-oxo heptanoic acid could serve as a potential serum metabolism biomarker for LSIL patients; L-Carnitine, 2-Amino-3-methyl-1-butanol and Choline could serve as a biomarker for differential serum metabolism in patients with HSIL, Penaresidin A/B, Asn Asn Gln Arg, 3-OL-rhamnosyl-3-hydroxydecanoyl-3-hydroxydecanoic acid, Phe Ile Met Val, AlaIleGln Arg, Prosopinine, 2-amino-14,16-Dimethyloctadecan-3-ol and 3ʹ-O-Amino-propyl-25-hydroxyvitamin could serve as a potential biomarker of serum metabolism in patients with CC; PC, PS and 4S-hydroxylauric acid could serve as a potential biomarker for distinguishing cervical IF patients. More importantly, the volume of 2-Amino-3-methyl-1-butanol, L-Carnitine, Asn Asn Gln Arg and Ala Cys Ser Trp gradually increased in serum of healthy people, HSIL and LSIL groups; the volume of soladulcidine and Ala Ile Gln Arg gradually decreased in serum of healthy people, HSIL and LSIL groups. In general, these six substances can be used as the potential serum metabolic biomarkers to predict the precancerous lesions of cervical cancer in different stages. Besides, the metabolic Prosopinine gradually increased in the healthy population, patients with LSIL, cervical tuberculosis patients, patients with HSIL and cervical cancer patients, and the content of this metabolite in the cervical cancer treatment improvement group decreased significantly. It is likely that Prosopinine can serve as a potential serum metabolic marker for different stages of cervical cancer, cervical inflammation and precancerous lesions. Further functional enrichment analysis revealed that these potential serum metabolite biomarkers were mainly involved in biometabolism process including phosphatidylethanolamine biosynthesis, phosphatidylcholine biosynthesis, pantothenate and CoA biosynthesis, mitochondrial beta-oxidation of short-chain saturated fatty acids, mitochondrial betaoxidation of long-chain saturated fatty acids,and sphingolipid metabolism, which were closely related to the body's protein response such as stress response, inflammation induction, immune regulation, cell transfer and coagulation cascade.
Conclusion
In general, by LC-MS/MS and proteomics analysis, the study has screened out 7 new types of serum metabolites that can be used as the diagnostic markers of the treatment efficacy of precancerous lesions of cervical cancer and the level of the canceration. Considering the importance of the oligopeptide in the body's metabolism, it is of great significance to notice the huge difference of the two polypeptides (Asn Asn Gln Arg and Ala Cys Ser Trp) in the serum metabolism of the patients, and the Prosopinine can serve as a potential serum metabolic marker for different stages of cervical cancer, cervical inflammation and precancerous lesions. More importantly, the role and function of these metabolites in the happening and development of cervical cancer have not been reported yet, but the related mechanisms of the immune, inflammatory, metastatic and coagulation cascade pathways deserve further investigation.
